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The Current State in ϬϪϬϪպ
Our community has an established understanding that the coronal magnetic field isպ պ պ պ պ պ պ պ պ պ պ պ
the proximate cause of solar eruptive eventsϴ We have numerous instruments that observeպ պ պ պ պ պ պ պ պ պ պ պ պ
enhanced plasma emission where theպ պ պ պ պ
magnetic field strengthens into loopsϵպ պ պ պ պ
eϴgϴϵ EUV and XЉray imagersϷ althoughպ պ պ պ պ պ
brightness drops rapidly with radialպ պ պ պ պ
distance due to the emission measureЀsպ պ պ պ պ պ
strong dependence on densityϵպ պ պ պ
meaning most observatories haveպ պ պ պ
optimized for a smaller field of viewպ պ պ պ պ պ պ
while gaining a higher spatialպ պ պ պ պ
resolution of the diskϴ We also haveպ պ պ պ պ պ պ
numerous models describing theպ պ պ պ
coronal magnetic field to varying levelsպ պ պ պ պ պ
of fidelityϵ eϴgϴϵ PFSSϵ NLFFϵ and MHDϷպ պ պ պ պ պ պ
although the lack of observationsպ պ պ պ պ
especially in the middle corona ЖӐ1ϴ5Љ5պ պ պ պ պ պ
RsЗ means a lack of strong constraintsպ պ պ պ պ պ պ
for magnetic field topology andպ պ պ պ պ
dynamics ЖFigure 1Зϴպպ
There are at least 26 ​reviewպ պ պ պ պ պ
papers on the topic of CME trigger andպ պ պ պ պ պ պ պ
propagation mechanisms over the lastպ պ պ պ պ
two decades ЖGreen ​et alƦ ​2018ϵ andպ պ պ ˓ ˓ պ պ
references thereinЗ ЉЉ a testament toպ պ պ պ պ պ
the communityЀs sustainedϵ intense interest and the fact that there remain many openպ պ պ պ պ պ պ պ պ պ պ պ պ
questionsϴ The standard model of a CME eruption puts an upward force in opposition by aպ պ պ պ պ պ պ պ պ պ պ պ պ պ պ պ
constraining force provided by the surrounding magnetic fieldϴ Perhaps the simplest model ofպ պ պ պ պ պ պ պ պ պ պ պ պ
this defines a 1Dϵ horizontal background magnetic field that declines in strength with heightϵպ պ պ պ պ պ պ պ պ պ պ պ պ պ
characterized by the Ёdecay indexЂ of the torus instability model ЖBatemanϵ 1978Ϸ Kliem &պ պ պ պ պ պ պ պ պ պ պ պ պ պ
Törökϵ 2006Ϸ Török & Kliemϵ 2007Зϴ As Figure 1 showsϵ even this simple model can have veryպ պ պ պ պ պ պ պ պ պ պ պ պ պ պ պ պ
different CME acceleration profiles by changing the value of the decay indexϴ Adding a simpleպ պ պ պ պ պ պ պ պ պ պ պ պ պ պ
upward velocity perturbation with tunable duration is sufficient to change the fundamentalպ պ պ պ պ պ պ պ պ պ պ պ
shape of the acceleration profiles from single peak to double peak ЖSchrijver ​et alƦ ​2008Зϴ Hereպ պ պ պ պ պ պ պ պ պ պ պ ˓ ˓ պ պ
tooϵ these profiles distinguish themselves in the middle coronaϴ Several more sophisticatedպ պ պ պ պ պ պ պ պ պ պ պ
models also focus on removing overlying field constraintsϵ including breakoutϵ slipЉrunningպ պ պ պ պ պ պ պ պ պ պ
reconnectionϵ and reconnection in the current sheetϴ The helical kink instability focuses onպ պ պ պ պ պ պ պ պ պ պ պ պ
the magnetic fieldպ պ պ
topology of the flux ropeϵպ պ պ պ պ
which simulations showպ պ պ
also has accelerationպ պ պ
profiles varying throughպ պ պ
the middle corona Жeϴgϴϵպ պ պ պ
Fan 2016Зϴ The CMEպ պ պ պ
acceleration profile isպ պ պ
also dependent on theպ պ պ պ
3D structure of the erupting material and the surrounding fieldϵ potential drainage of denseպ պ պ պ պ պ պ պ պ պ պ պ պ պ
plasmaϵ and continued magnetic reconnection freeing more energy to drive the CMEϴ Theպ պ պ պ պ պ պ պ պ պ պ պ պ
other aspect of acceleration is direction϶ CMEs can be deflected away from a ЁpureЂ radialպ պ պ պ պ պ պ պ պ պ պ պ պ պ պ
propagation by as much as Ӑ30Ѵϵ which is again primarily determined by the surroundingպ պ պ պ պ պ պ պ պ պ պ պ պ պ
coronal magnetic field strength in the middle corona ЖFigure 2Зϴպպ
Given observational constraintsϵ the models must get the 3D magnetic fieldպ պ պ պ պ պ պ պ պ պ պ
configuration and dynamics in the low and middle corona correct in order for the modeledպ պ պ պ պ պ պ պ պ պ պ պ պ պ պ
kinematic profiles to match the observed onesϴ Thusϵ CME kinematic profiles and the coronalպ պ պ պ պ պ պ պ պ պ պ պ պ պ
magnetic field are tightly coupledϴպպ
պ
The Desired State b4 ϬϪϯϪպ
B4 ϬϪϯϪϵ 2e e3pect that CME models 2ill accuratel4 describeϵ and ideall4 predictϵպ պ պ պ պ պ պ պ պ պ պ պ պ
observed solar eruptions and the propagation of the CMEs through the coronaϴ Modelsպ պ պ պ պ պ պ պ պ պ պ պ պ
are the manifestation of our theoretical understanding of natural phenomenaϷ thereforeպ պ պ պ պ պ պ պ պ պ պ
when this milestone is reached we can be confident in our understanding of the coronalպ պ պ պ պ պ պ պ պ պ պ պ պ պ պ
magnetic fieldϴ We anticipate that this understanding can be distilled into relatively simpleպ պ պ պ պ պ պ պ պ պ պ պ պ
models that can describe most cases sufficiently well for space weather forecasting purposesϵպ պ պ պ պ պ պ պ պ պ պ պ պ
while the more accurate models will be reserved for detailed scientific study or specializedպ պ պ պ պ պ պ պ պ պ պ պ պ պ
prediction purposesϴ This is the case for Newtonian gravity and general relativity and isպ պ պ պ պ պ պ պ պ պ պ պ պ պ
largely the state today for CMEs and the magnetic fieldϷ the difference will be in the accuracyպ պ պ պ պ պ պ պ պ պ պ պ պ պ պ պ պ
of the models and the depth of our understandingϴպպ
պ
The Journe4պ
In order to reach the desired stateϵ we must address the known unknowns and beպ պ պ պ պ պ պ պ պ պ պ պ պ պ պ
prepared for the unknown unknownsϴ The below lists are not intended to be comprehensiveϵպ պ պ պ պ պ պ պ պ պ պ պ պ պ
but hopefully offer some useful ideasϴպպ
Addressing the known unknowns϶պպ
● Expand observational regimesϴպպ
○ Use direct coronal magnetic field observations to constrain modelsϴ Suchպ պ պ պ պ պ պ պ պ պ
observations are presently sparseϴ There will soon be more from DKISTϵ butպ պ պ պ պ պ պ պ պ պ պ պ
still far from synopticϴպ պ
○ Observe the sun as it is϶ a 3D object requiring multiple observational anglesպ պ պ պ պ պ պ պ պ պ պ պ պ
and use those observations to constrain modelsϴ See for example the whiteպ պ պ պ պ պ պ պ պ պ պ պ
paper ЁThe Science Case for the 4π Perspective϶ Studying the Evolution &պ պ պ պ պ պ պ պ պ պ պ պ
Propagation of the Solar Wind and Solar TransientsЂ led by Angelos Vourlidasպ պ պ պ պ պ պ պ պ պ պ պ
and the white papers discussing polar observations led by Jeff Newmark andպ պ պ պ պ պ պ պ պ պ պ պ
Sarah Gibsonϴպ
○ Observe the middle corona to constrain modelsϴ The case for this has beenպ պ պ պ պ պ պ պ պ պ պ պ պ
made briefly here and is expanded upon in Mason 2020ϴպ
● Improve upon the existing CME modelsպ
○ More complete treatment of fundamental plasma and MHD processesϵ ratherպ պ պ պ պ պ պ պ պ պ
than focuses on just a few key onesϴպպ
○ Incorporate new constraints provided by new observations from PSPϵ SOϵ andպ պ պ պ պ պ պ պ պ պ պ
any other expanded observational regimesϴպ
○ Link magnetic field lines from the photosphere to the source surfaceպ
○ Achieve consistent results between multiple runs in the solar max regimeպ
Preparing for the unknown unknowns϶պ
● Expand the communityϴ There are many observable sunЉlike starsϴ There is likely a lotպ պ պ պ պ պ պ պ պ պ պ պ պ պ
to be gained by collaborating with astronomers on this topicϴ See the white paperպ պ պ պ պ պ պ պ պ պ պ պ պ պ
ЁSolar Analogs as a Tool to Understand the SunЂ led by Allison Youngbloodϴպպ
● Make powerful toolsϵ such as machine learningϵ easy to use and big data easy toպ պ պ պ պ պ պ պ պ պ պ պ պ պ պ
access and manipulate even for nonЉexperts in heliophysics andМor in computerպ պ պ պ պ պ պ պ պ պ պ
scienceϴ See white papers ЁExploring the Critical Coronal Transition Region϶ The Key toպ պ պ պ պ պ պ պ պ պ պ պ պ
Uncovering the Genesis of the Solar Wind and Solar EruptionsЂ led by Angelosպ պ պ պ պ պ պ պ պ պ պ պ պ
Vourlidas and ЁScience Platforms for HeliophysicsЂ led by Will Barnesϴպ
պ
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